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Abstract: This research presents a conceptual model to illustrate how people living in rural areas can
harness bioenergy to create beneficial ‘community-driven’ income-generating activities. The research
is contextualised within the rural developing areas of Bangladesh where people live in abject poverty
and energy deficiency. The research methodology applied in this study aims to determine the basic
requirements for implementing community-based anaerobic digestion (AD) facilities and illustrate
how an AD facility positively impacts upon the lives of rural communities directly after its installation.
The survey results demonstrate that implementing a biogas plant can save 1 h and 43 min of worktime
per day for a rural family where women are generally expected to for cook (by the long-term
tradition). In addition to the positive impacts on health and climate change through adoption of
clean energy generation, this time saving could be utilised to improve women′s and children’s
education. The research concludes that, by providing easy access to clean bioenergy, AD can change
people’s quality of life, yielding major social, economic and environmental transformations; key
benefits include: extending the working day; empowering women; reducing indoor air pollution;
and improving people’s health and welfare. Each of these tangible benefits can positively contribute
towards achievement of the UN’s Sustainable Development Goals. This work demonstrates the
potential to increase the implementation of AD systems in other developing world countries that
have similar geographic and socioeconomic conditions.
Keywords: Bangladesh; anaerobic digestion; biogas; bioenergy; Sustainable Development Goals
1. Introduction
The Millennium Development Goals (MDGs), which sought to eradicate global poverty,
and augment education, health and environmental initiatives, expired [1] in 2015 and UN member states
are finalising the new Sustainable Development Goals (SDGs) which supersede them [1]. The SDGs
have gathered momentum alongside the need to secure global sustainable development [2]. Sustainable
development includes aspects that seek to balance technical innovation, financial affordability, ethical
approval and cultural sensitivity [3]. Developing countries, such as Bangladesh, have a long history
of experiencing human suffering, environmental change and natural disaster, but their people have
demonstrated resilience in the face of abject poverty [4]. Circa 160 million people live in Bangladesh
and the country exhibits diverse human-environmental interactions that are typical of many low-lying
coastal areas of South Asia [5]. Around 66% of the country’s people live in rural areas and lack
access to modern forms of energy [6]. Indeed, the energy market in many developing countries is
inefficient, particularly in rural areas, where nearly 2 billion people cannot access electricity, oil or
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gas [7]. The rural population who live below the national poverty line rely primarily on traditional
biomass fuels such as wood and dung cake (dried cattle dung) [8]. Reasons for this reliance on
traditional biomass are myriad but include: geographic location; limited or no access to alternatives;
and deficiency of finance [9]. Dependency upon traditional (and environmentally damaging) biomass
and solid fuels incurs substantial labour costs and causes both social and environmental impact. Hence,
the requirement to reduce people’s reliance upon these fuels and provide more sustainable solutions
through the use of clean fuel options is glaringly apparent.
A viable alternative option is the use of anaerobic digestion (AD) to convert biodegradable organic
matter (such as manure or vegetation) into clean biogas fuel [10]. Anaerobic Digestion facilitates the
biodegradation of (complex) biomass matter under anaerobic conditions and is made possible by
interacting groups of anaerobic microbial consortia available in cattle dung [11]. Biogas comprises
a mixture of methane (CH4) and carbon dioxide (CO2) together with small amounts of other gases,
such as hydrogen sulphide (H2S) and ammonia (NH3). Utilising AD has many benefits, for example it
can provide a supply of energy which improves both indoor air quality and sanitation by removing
pathogens [12]. The end product of AD is nutrient rich, fibrous compost that can be utilised to replace
chemical fertilisers, providing incidental financial benefits for subsistence farmers [13]. Labour saving
benefits accrued from using AD in South Asia have been publicised by the Netherlands Development
Organization (SNV) and suggest that women can save up to 900 h per year by not collecting and
splitting firewood [14]. A typical biogas plant can save 1800 kg of firewood a year and 45 L of kerosene,
thus reducing CO2 emissions by 4.5 ton per annum [15]. The installation of a community AD facility
can therefore improve the rural community socially, economically and environmentally.
Against this prevailing backdrop, this research work aims to develop a conceptual model to
illustrate how rural communities can adopt AD and create financial returns on their initial investment
of renewable technology. Concomitant objectives are to:
• Enhance the process and operation of AD;
• Report upon the potential impact that AD and biogas have in the context of replacing fossil
derived fuels; and
• Report upon the community impact of rural AD and SDGs in relation to energy, public health,
environmental impact and sustainable economic growth.
2. Environmental Ecology and Rural Development
2.1. Converting Waste into Energy
Traditional biomass fuels (e.g., wood, animal manure and leaves) are used mostly for cooking in
rural Bangladesh [16]. The utilisation of wood has several drawbacks including low energy efficiency,
human exposure to respiratory disease and environmental degradation (such as deforestation, depletion
of organic matter in soil and air pollution). Similarly, using dung cake as a fuel means that it cannot
be used as fertiliser and excessive use of woody biomass from local trees and bushes can lead to
deforestation [16], which in turn increases the propensity for environmental disasters such as floods
and river bank collapse, thus compromising agricultural productivity and economic development [17].
These socio-economic and cultural issues within the rural community can hinder the progress towards
achieving sustainable development goals.
Waste represents another source of biomass and each day 3500 ton is deposited in Bangladesh’s
capital city Dhaka–refer to Figure 1 [18]. This includes municipal solid waste (MSW) and agricultural
and animal waste [19]. Annually in Dhaka, 511,000 ton of waste is disposed of in controlled landfill and
another 509,248 ton is lost or illegally dumped [20]. Dumping waste has created major environmental
problems such as the transmission of diseases, greenhouse gas emissions (GHGs) and ground water
pollution through pipe leakages [21]. In addition to dumping waste, open storage of cow dung on
farmers’ properties causes water pollution and provides a breeding ground for mosquitoes and bacteria,
resulting in diseases such as malaria [22].
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Figure 1. Dumping of Waste at the Roadside (Left) and Dumping of Poultry Litter near the Poultry
Farm (Right) [18].
Using AD to process biomass from waste has become an important option for vulnerable people
living in rural developing countries [23]. Biogas and the solid digestate, which can be used as a
bio-fertiliser, are both valuable products of the process [24]. When sustainably harvested, biomass
fuels are GHG emission neutral because biomass is combusted into CO2, which was derived from
the vegetations [25]. However, biomass fuel must be burnt efficiently and completely for this process
to be emission neutral [26]. Burning of solid biomass fuels in stoves typically achieves only about
10-25% in overall efficiency [18] and also emits a significant portion of pollution via the products of
incomplete combustion, for example methane (CH4) and polycyclic aromatic hydrocarbons (PAHs).
These chemicals have a greater impact upon global warming when compared to CO2. Thus, inefficiently
burned biomass fuels have a global warming contribution even if renewably harvested [27]. When
used in cooking stoves, biogas derived from AD is much cleaner. The combustion efficiency in a gas
stove is 57% which is more than for woody biomass (22%) and much higher than the direct burning of
dung cake (10%) [28–30]. The amount of animal manure used in AD plants as a feedstock is increasing,
as larger numbers of biogas plants are being built [31–33]. AD is therefore an appropriate technology
for rural communities because it is relatively easy to implement and operate, does not require complex
infrastructure, utilises local resources and produces clean fuel.
2.2. Energy, Poverty and Gender
Evidence suggests that women are important contributors to SDGs because they are primarily
responsible for overseeing the provision of energy, the removal of waste and the collection of wood
fuel [34]. Various projects have demonstrated that supporting women through a range of initiatives
(e.g., improving cooking facilities), increases the successful sustainability of the project [35,36] by
engendering changes in social custom and religious belief [37,38]. Accordingly, technologies used to
generate income can empower the poor by investment in their education, acquisition of manual skills,
competency and available naturally occurring resources to meet their own demand. The high levels of
gender bias in poverty suggest that 70% of the 1.3 billion people living in poverty are women [39,40].
Women living in poor rural areas of developing countries tend to assume child care and domestic
responsibilities, and as a consequence, work longer hours than men [41,42]. Because of this imposed
socio-cultural circumstance, women secure less income, are more prone to ill health and are susceptible
to higher rates of mortality. Typical work activities include collecting wood for stoves and carrying
it back home to store. Often, several kilometres are covered in a single day; the time and labour
expended on these work activities is physically exhausting and effectively eliminates the women’s
available time or ability to engage in other more productive and income-generating activities [43,44].
Women’s muscular skeletal health also suffers from this exhausting manual labour (such as carrying
heavy loads over long distances) and their respiratory health suffers from cooking on, or near to,
smoky fires [45]. In culmination, educational opportunities and income generation are limited and
consequently, women remain trapped in the poverty cycle [46].
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2.3. Benefits of Biogas for Rural Households
Programmes for the extension of AD technology to rural areas have been highly effective in South
Asian countries such as India (4 million units), Nepal (250,000 units) and Bangladesh (20,000 units) [24].
Biogas produced from these plants is mainly used for cooking food and gas lighting. Numerous
surveys have been conducted by biogas extension organisations on the plants they have built [47,48] and
numerous benefits for users have been revealed, which include:
• Cooking using a clean gaseous fuel that does not produce smoke, is instantaneously available and
does not need constant attention [48];
• Removing the need to clean soot from pots [49];
• Creating habitats where occupants can live in a smoke free atmosphere and where the danger of
getting burnt is significantly reduced [49];
• Eliminating the need to collect wood because the AD feed materials (i.e., animal dung and food
wastes) are available locally [50];
• Reducing the need to store wood, so houses are free from insects that live in wood stores [51] also
due to rapid urbanization and industrialization, the country is significantly losing its cultivable
land as well as woody biomass [51,52];
• Enabling mothers and children to eat a cooked breakfast before they leave for school (because
they no longer have to collect fuel), which improves their education [53]; and
• Creating an effective fertiliser from the biogas plant’s effluent, thus saving a farming family’s
income money by reducing their reliance upon the fossil fuels used to make artificial fertilisers [54].
The total saving of fossil carbon is estimated as 4.9 tonnes a year.
Van Ness et al., [14] proffer that a typical domestic biogas plant saves 2000 kg of wood fuel a
year and that 1000 biogas plants can save the felling of 33.8 ha of forest each year—refer to Figure 2.
for a typical example of a biogas plant [49]. Biogas can be used to replace kerosene for lighting and/or
cooking [24], with a typical saving of about 32 L per year. This reduction in usage of flammable
liquids has an incidental benefit of mitigating house fires that occur when lamps are inadvertently
knocked over.
Figure 2. A Domestic Fixed Dome Biogas Plant Constructed from Brick, Sand and Cement (Left) and a
Simulated Side View of an AD Plant (Right) [24].
The financial benefit of replacing cooking over wood fuel with the use of biogas has been
determined to be worth between £213 to £342 per tonne per year of carbon saved [55,56]. The main
health benefits derive from the reduction of indoor air pollution which causes irritation to the eyes,
nose and airways of occupants who do the cooking or are in the near vicinity [57]. Such irritation
results in greater susceptibility to infections and lung disease, such as bronchitis, chronic obstructive
pulmonary disease and/or asthma [45]. These health benefits encouraged the establishment of the
Biogas Support Programme (BSP) in Nepal in 1992 by SNV based upon a previous programme set
up by the Development and Consulting Services (DCS) of the United Mission to Nepal (UMN) [58].
The BSP programme proved very successful [33] because it emphasised the establishment of biogas
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plant construction companies with trained staff and a high level of quality control, leading to longer
term reliability [24].
2.4. Rural AD and Sustainable Development Goals
The SDGs defined by the United Nations in 2015 offer greater specificity and scope for improvement
when compared to the MDGs defined in 2000 [59]. In particular, the SDG framework addresses
the systemic barriers that hinder progression towards meeting sustainable development targets,
which include: inequality, unsustainable consumption patterns, weak institutional capacity and
environmental degradation [59]. Six essential elements for delivering the SDGs are: (i) planet; (ii) people;
(iii) partnership; (iv) prosperity; (v) dignity; and (vi) justice–refer to Figure 3 [34]. By providing a low
cost, clean and affordable fuel, rural AD could play an important role in achieving these SDGs through
improvement to all six elements.
Figure 3. Essential Elements for Delivering the Sustainable Development Goals [34,60].
According to the United Nations Development Programme (UNDP) [61], quintessentially
important issues for development include reducing poverty, ensuring gender equity and securing
environment sustainability. Successful projects that have alleviated poverty tend to invest in,
and efficiently utilise, human resources [38]. However, the prevailing customary system in developing
countries means that women are often economically dependent upon men even though they are the
domineering household matriarch (completing most of the chores and rearing children) and source
of income generation activities [62]. Projects that empower women and free their time to become
more independent enable them to be happier and healthier. With more free time, they can find quality
work rather than being restricted to household work only [62]. Within this context, development of
community based rural AD represents a viable option for improving the rural lifestyle of women and
in so doing, generating sustainable development (Table 1).
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Table 1. Possible Impact of Having an AD System (Based on Action) to Meet Sustainable Development
Goals (SDGs) (Developed from [15,60–63].
SDGs Action Possible Impact of Having AD System
3 To ensure the health and wellbeing for peopleliving within rural communities.
Support for the maintenance of good health
and well-being.
4
To ensure a high quality and socially inclusive
education and promote lifelong learning
opportunities for all.
Contribution towards educating women
and children.
5 To achieve gender equality and empowerall women.
Empowerment of women by freeing their time to
make more efficient contributions to their
local community.
7
To ensure access to clean, affordable, reliable and
sustainable energy for all people living in
rural communities.
Biogas is a clean and affordable fuel.
3. Methodology
For this research a post-positivist and inductive methodological approach was adopted
(with elements of an interpretivist epistemological lens) to assess whether the use of AD could
enable rural people to meet SDGs (Table 1). A semi-structured survey of Bangladesh was undertaken
(covering five districts and twenty plants built by three Bangladeshi extension agencies) to determine
the impact of using AD on the lifestyles of plant owners. These districts were: (i) Dhaka; (ii) Manikgong;
(iii) Narshindhi; (iv) Mymensingh; and (v) Barisal. Dhaka, Manikgong and Narshindhi are in the
Dhaka division which is in the centre of Bangladesh, Mymensigh is in the northern part and Barisal
is in the southern part (Figure 4). The three construction agencies were: (i) the Bangladesh Council
of Scientific and Industrial Research (BCSIR); (ii) the Local Government Engineering Department
(LGED); and (iii) the Grameen Shakti (GS). The districts were selected randomly but samples were
chosen so that certain aspects were representative of a broader area such as: the transport system,
biomass resources and biogas plant access. BCSIR, LGED and Grameen Shakti are three pioneering
organisations within Bangladesh who deal with anaerobic digestion and biogas.
Figure 4. Map of Bangladesh Showing Dhaka (including Manikgong and Narshindhi), Mymensingh
and Barisal [64].
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AD Plants and Households Visited
A total of 20 biogas plants and the households that these supplied were visited (refer to Table 2).
The survey investigated the overall performance of each biogas plant and its impact upon the rural
lifestyle of the owners. A questionnaire was used as the main data collection instrument and sought
to assess the socio-cultural impact (social, economic, environmental and health) of AD implemented
within the community. Data collected consisted of both qualitative and quantitative data. Qualitative
data sought to obtain the views, opinions and perceptions of the respondents in terms of reasons for
AD usage and what the benefits to their families were. Quantitative data collected sought to delineate
the numbers of plants visited, identify who installed these plants and report upon the time saved
(or lost) as a result of using AD.
Table 2. Number of Biogas Plants and Households Visited in Different Districts of Bangladesh.
District Number ofPlants Installed by
BCSIR LGED GS
Dhaka 4 1 3
Manikgong 7 2 2 3
Narshindhi 2 2
Mymensingh 3 3
Barisal 4 2 2
Total 20 5 2 13
During the survey and collection of primary data, the similar experiences of SNV, GIZ (German
Development Organisation), Grameen Shakti (Gofran) and BCSIR (as secondary data sources) were
reflected upon. Therefore, the primary data analysis was augmented by the analysis of secondary data
to validate this current survey. Justification for this approach is founded upon a body of knowledge
that suggests that quantitative data from each secondary source is unreliable [65]. Furthermore,
the questionnaire allowed more than one response from each respondent and more than one respondent
from each plant owning family. Therefore, there were 83 completed questionnaire surveys from 20 AD
plant owning families. The response rate was 100% because the research team held one-to-one meetings
with respondents before the survey commenced.
4. Results and Discussions
The research findings provide a comparison between the factors that motivated the purchase of
biogas plants and the actual socio-economic impacts upon the daily life of owners.
4.1. Motivation Factors and Impacts
Respondents were asked to provide the most important reasons or motivating factors for the
installation of biogas plants (refer to Table 3).
The most popular motivating factors were: economic benefits, including saving of time and
energy (frequency (f ) = 22); environmental benefits (f = 17); availability of subsidy (f = 8); and health
benefits, including the reduction in smoke-borne diseases (f = 7). Given these attractive benefits,
the installation of modern domestic biogas plants (as an alternative source of energy) has increasingly
gained popularity within Bangladesh’s rural communities [63]. However, commercialization of larger
scale biogas plants are also increasingly popular and have positively contributed to upskilling the local
populous [66]. A proportion of these biogas plants generate sufficient electricity to sell to the grid and
generate surplus biogas that can be sold directly to neighbours [67]. Consequently, the installation of
AD is already making a palpable contribution towards wider social and community development,
particularly in terms of generating new industry and commerce (refer to Table 4).
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Table 3. Motivating Factors to Install Biogas Plants and the Number of Responses.
Motivating Factors Frequency of Responses
1 Economic benefits (saving time and energy) 22
2 Environmental benefits (saving forest) 17
3 Subsidies 8
4 Health benefits 7
5 Motivation from service provider 7
6 Motivation from other plant owners 6
7 Non-availability of other fuel sources 5
8 Social benefits/Prestige 5
9 Fertilizer of higher nutrient value 4
10 Others 2
Table 4. Some Socioeconomic Characteristics and the Impact of Biogas Plants (Survey and Further
Peer-Reviewed Analysis).
Socioeconomic Characteristics Impact
1 Demography (population pattern) Reduction of the workload of womenand improvement in child health.
2 Economic status (occupation, income) Active participation of women infarming and development projects.
3 Educational status Increase of the literacy percentile andlevels of higher or further education.
4.2. Community Impact of Rural AD
To assess the impact of rural AD upon the community, a number of aspects were considered
within the survey, namely: impact of time saving and workload reduction; impact upon saving of
conventional fuel sources; economic impact/community development; environmental impact; impact
of bio-slurry; and the wider impact of rural AD and SDGs.
4.2.1. Impact of Time Saving and Workload Reduction
The respondents, especially women, reported a significant time saving by using biogas for cooking
rather than wood fuel. The survey revealed that, on average, people saved 50 min per day by cooking
meals using biogas instead of solid fuels. In addition, and because biogas burns cleanly, a significantly
reduced need to clean equipment was also observed with an average of 28 min being saved per
household per day. 14 households collected fuel wood from a nearby jungle and their own land.
The total time saved per household per day from not collecting fuel wood ranged from 25 min to 1 h,
with an average of 42 min. Collection of water and the time required to feed a plant was only 6 and
9 min respectively. Extra time required for animal husbandry was minimal when dung was collected
for digester feeding. Only two respondents answered that more time was needed for cattle husbandry
because they now feed their cattle in their stalls to allow them to collect more dung to feed into the
digester. However, the average time required for cattle husbandry was only 2 min per household
per day. In total, the research revealed that AD can reduce the time required to undertake domestic
activities by up to 1 h and 43 min per day per household (refer to Table 5). This surplus time could
be used for: livestock management; technology development; and extra education for both women
and children. Some additional time is required to operate the AD plant but such maintenance time is
minimal in comparison. Therefore, AD can significantly contribute to poverty alleviation, improved
gender equality and women’s empowerment.
Sustainability 2019, 11, 3814 9 of 17
Table 5. Average Time Saved After the Installation of Biogas Plant.
Activity Average Time Saved/Added PerMinute Per Day Remarks
Cooking of meal 50 Time saved
Cleaning of cooking vessels 28 Time saved
Collection of fuel 42 Time saved
Collection of water −6 Time added
Feeding of plant −9 Time added
Caring of cattle −2 Time added
Average time savings 103 min (1 h 43 min)
4.2.2. Impact on Saving of Conventional Fuel Sources
A direct benefit of a biogas plant to rural households is accrued from the financial savings made by
replacing conventional fuel sources for cooking and lighting [68,69]. For example, Rahman [63] reveals
that a 3.2 m3 AD plant would replace annually approximately 1.9 ton of fuel wood for cooking
and 55 L of kerosene used for lighting. Biogas therefore has a proven ability to reduce fossil fuel
dependency, where the latter: has limited supply; consumes finance both from the family and
government (via subsidy); and contributes towards global climatic change. Replacing fuel wood with
biogas for cooking ensures a more comfortable, smoke-free environment, reduces expenditure and
saves time. Replacing kerosene lamps with biogas lights ensures a safer study environment for rural
children. Cumulatively, these palpable benefits have a positive impact upon rural education and daily
life in the community.
4.2.3. Economic Impact/Community Development
Domestic biogas programmes are often justified on the basis of the private benefits and costs
savings for individual households [70]. However, there are also benefits to the wider environment.
Gofran [18] estimates that one 2.4 m3 biogas plant can save circa 2.4 ton of biomass per year if operated
efficiently [71]. A survey of 66 biogas plants (undertaken by SNV) revealed that an average of 156 kg of
wood fuel can be saved per household per month [47]. In addition, the World Wildlife Fund claims that
the establishment of 1000 biogas plants saves 33.8 hector of forest being clear-felled [44]. Talukder’s
survey of 30 biogas plants [67] serves to identify the different types of biogas plants operated within
Bangladesh. The results reveal that approximately 78% of the 30 plants surveyed were between 2
and 10m3 in size. Commercial biogas plants can be used to generate income. Interestingly, some of
the larger poultry farmers in Bangladesh were seen to be actively generating, selling and distributing
biogas to their neighbours. Typical charges range between 300–500 taka (£3–£5 UK sterling) per month
per family. This supplementary source of income (in addition to the money saved by the owner by
cooking with biogas in their own home) helps the owner pay back the total cost of biogas installation
in a shorter period of time [72].
The financial benefits are likely greater when people switch from liquid petroleum gas (LPG) to
biogas, as opposed to changing from collected wood to biogas. Moreover, it is likely to be more difficult
for a group of population to invest in biogas due to a lack of financial savings following installation,
therefore alternative methods of financing are necessary in order for many people of developing
countries with zero-grazing livestock to gain access to biogas technology [73]. The availability of
affordable finance is critical to promoting the use and development of biogas technology. Even where
generous government subsidies are available, affordable finance is a prerequisite requirement for poor
rural households who need to invest in AD plant which often has a payback over several years. Aside
traditional sources of funding (such as government, banks and other financial institutions), a growing
trend is to use ‘micro-finance’ or ‘crowd funding’ to generate the necessary income and avoid high
interest charges [74,75]. The development of a Carbon Credit Market can be an important way to
increase the economic convenience of rural biogas technology.
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4.2.4. Environmental Impact
If dried animal manure (such as cow dung) is used directly for cooking, the CO2 emissions
from 1 tonne of animal manure is 0.648 ton; yet conversely, if animal manure fuels an AD plant
and the gas produced is used for cooking, then the CO2 emissions per ton of animal manure is
equal to 0.0677 ton [76]. Using these values, CO2 emission mitigation through biogas plants from one
ton of animal manure is 0.5803 ton CO2 equivalent. The total possible CO2 emission mitigation is
46.58 million tonnes per year if 3.67 million family biogas plants can be built in Bangladesh. Biogas use
is also expected to have longer term benefits related to environmental preservation for biodiversity.
An average rural household of five members burns about three metric tons of biomass per annum [72].
Biomass can be used as raw material to generate liquid, gaseous and solid fuels to play a sustainable
role in a more diverse and sustainable energy mix. Biomass is potentially the most attractive renewable
energy resource available because it is widely dispersed and could contribute zero net carbon dioxide
emission to the atmosphere [77]. SNV/IDCOL states that one ‘properly functioning’ homestead biogas
plant prevents the release of 2.5 ton of CO2 over a period of one year compared to burning biomass.
There is no way (other than taking bioenergy and solar energy) for reducing environmental degradation
for a developing country [78].
4.2.5. Impact of Bio-Slurry
Bio-slurry (a by-product of AD) is also beneficial as a viable replacement for expensive chemical
fertilizers [24,79]. Bio-slurry does need to be properly treated but has no global warming potential
(GWP) impact. In addition, nutrient rich bio-slurry also acts as a soil conditioner by building up the
soil structure, especially when the land is intensively farmed over several years, thus safeguarding
soil fertility [80].
4.2.6. Rural AD and SDGs—Development of the Conceptual Model
Proper utilization of the benefits from AD (e.g., energy and fertilizer production) can contribute
to the further development of the rural community. Acquiring these benefits involves management
of the technology through community ownership, capacity building and training/competence
development [81]. In turn, this will ensure livelihood improvement and simultaneously engage
rural women in development activities. Concomitant benefits include improved maternal health and
reduction in child mortality because women have less arduous work to do and can devote more time
to their families and/or fund childcare support. This eventually helps to reduce poverty and therefore
works towards satisfying the UN’s MDGs and SDGs. Enhancing rural biogas programmes saves labour
time and provides children and women with opportunities to pursue education, thus improving social
equity within a community (refer to the conceptual model represented in Figure 5). Integration of
an external agency, bank and/or micro-finance organisation can help to facilitate the implementation
of a community-based AD program (as an iterative chain of events)–further increasing women’s
empowerment (Figure 6). First and foremost, education provides a gateway for rural communities to
seek training in areas such as microcredit to encourage the development of small AD projects. Various
rural development programmes in Bangladesh (administered by groups such as Grameen Shakti) have
already recognised these benefits [82]. Continuation of this trend is essential for developing further the
implementation of a biomass and bioenergy program within rural communities.
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Figure 5. Cooking on Biogas Changes the Lifestyle of Women and Children and Ensures an
Emission-Free, Healthy Life.
Figure 6. A Circular Model to Implement Community Based Cooperative AD and Ensure
Rural Empowerment.
Biomass, which is an important source of bioenergy, play an essential role in creating options for
affordable and clean energy, particularly in developing countries. The Sustainable Development Goal
7 (SDG7) seeks to address four themes in the goal statement: “Ensure access to affordable, reliable,
sustainable and modern energy for all [83].” Biogas production and upgrading techniques could be
used for energy production as a means of realizing the SDG goal 7 within the next 15 years [84].
The formulation of SDG7 produces a circular definition of sustainability, a difficulty that is currently
resolved at the level of the targets and indicators in a way that regards energy technologies primarily
as artefacts [85].
The economic growth and sustainable progression of developing countries is dependent upon a
reliable source of energy. Deficient coverage and the poor quality of energy supply are key barriers to
development of both the industrial and agricultural sectors. Therefore, a bold and innovative strategy
Sustainability 2019, 11, 3814 12 of 17
for sustainable development of the energy sector needs to be emphasized. Demand for biofuels
has been growing as fossil fuels are becoming increasingly a more expensive and rarer commodity.
The opportunity to ‘mass deploy’ domestic and community based medium AD plants is extremely
encouraging. Public sector bodies and private finance enterprises are actively involved in supporting
biofuel production schemes. Using AD vis-à-vis wood fuel can provide sufficient energy for domestic
consumption and generate enough bio-fertiliser to enrich the farm land to increase harvest production.
Any initiative to promote and support sustainable development must be based upon the premise
that it resolves prevailing social, economic and environmental issues [24]. The proper management of
biogas plants could be ensured through the introduction of bespoke training of rural people in their
operation and maintenance [44]. The overwhelming evidence within academic literature indicates
that the use of AD can significantly improve the social welfare of vulnerable people living in rural
communities. In addition, AD has the potential to mitigate climate change by reducing GHG emissions
(SDG13) and enhance the energy self-reliance of energy deficit countries. Thus, the effective use of AD
has the potential to contribute to poverty reduction (SDG1) and ensure clean and affordable fuel to the
rural community (SDG7). Integrating all the benefits from AD could be a vital scheme for community
development. The implementation of a community based cooperative AD model would be beneficial
for many rural areas or districts in fuel poverty globally.
5. Conclusions
Rural biogas extension programmes have a number of beneficial impacts related to positive
motivation through work time saved. This provides major benefits to rural families, bringing them
closer to meeting the UN’s SDGs in terms of economic, environmental, health, social and cultural
aspects of national development. These benefits are recognised by rural people in Bangladesh and this
has motivated them to purchase biogas plants. The survey results presented demonstrate an average
time saving of 1 h 43 min a day for women using a biogas plant. A community-based biogas plant
has a significant impact upon rural community development through increasing child education and
women empowerment. The time saved (through reduced time for cooking meals, reduced collection of
firewood and less cleaning of cooking vessels) can be used to improve the education of women and
children. There are also significant health benefits to be accrued if biogas replaces cooking using wood
fuel, such as irritation to eyes, nose and the respiratory system. Furthermore, the benefits extend to the
wider environment: by reducing the need to collect wood fuel the rate of deforestation also reduces,
thus giving an opportunity for biodiversity to recover. Biogas stoves are more efficient than wood fires,
so the amount of CO2 released is also reduced. Therefore, the implementation of rural bioenergy could
help in realising a number of SDGs (such as SDG 3, 4, 5 and 7).
6. Limitation and Recommendation for Further Research
The existing socioeconomic conditions of many rural areas of developing countries make them still
unsuitable for a sustainable development project, where the largest challenges are always faced at the
beginning of a project. A programme could be hindered due to many reasons such as: severe poverty,
lack of awareness, limited access of expertise, indifference to accepting new technology and social,
cultural and religious issues. These limitations could be overcome through the active participation of
people in a rural bioenergy system. Positive initiatives to support the development of more widespread
‘national’ bioenergy schemes for Bangladesh could include: introducing a bioenergy training centre;
increasing public awareness; and offering an easier and longer duration repayment loan to rural
farmers. Future investigation and research are needed to explore these limitations and determine how
to best overcome them, and also to implement some of these aforementioned positive initiatives and
measure their success or otherwise. It would also be prudent to compare the efficiencies of biogas
production to determine how such could be improved further.
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